The photo-polymerization of methyl vinyl ketone vapour at pressures up to 60 mm. and temperatures between 0 and 60° C has been investigated with the following results. The kinetic order of the reaction increases with pressure and decreases with increasing tem perature. The highest order recorded is 7*4. The temperature coefficient of the reaction is negative, but the rate does not obey the usual exponential relationship. The polymer pro duced is insoluble. These observations all point to the intervention of a branched chain mechanism, and on this basis the abnormal kinetics may be quantitatively explained.
A fundamental problem in the initiation of polymerization reactions by means of ultra-violet radiation is the determination of the nature of the activated monomer molecule. On the one hand it may be that the activated monomer is a diradical and th a t molecules of monomer then add on to the free valencies so produced-the free radical mechanism-alternatively, the double bond may become excited in some special manner so th a t subsequent addition of monomer occurs with the preservation of an activated terminal double bond in the molecule. In previous papers an attem pt has been made to discriminate between these two types by studying the kinetics of the free radical reaction by the intentional addition of hydrogen atoms or methyl radicals (Melville 1937) . In the case of methyl methacrylate and vinyl acetate there is clear evidence for supposing th at the direct photochemical reaction does not take place by the free radical mechanism, since the kinetics are so dissimilar to those of the reaction induced by free radicals.
The molecule of methyl vinyl ketone is of particular interest in this connexion because there is the possibility that, like many other ketones, it may break up into free radicals on absorbing radiation, I I I I CH3CO. CH-CH2 = CH3CO + C H = C H 2 or CH3 + COCH=CH2.
Therefore the only possible kind of reaction would be of the free radical type initiated by one or other of the radicals so produced. In this paper an investigation has there fore been made of the kinetics in an attem pt to establish the nature of the mechanism of polymerization. I t so happens that many new peculiarities appear in this reaction which seem to be unique, and further emphasize the kinetic problems th at still have to be solved in this branch of chemical kinetics.
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E x per im en ta l
The general arrangement of the apparatus is shown in figure 1 . The usual mercuryoil pump combination was used for evacuation. Owing to the solubility of methyl vinyl ketone and other vapours in the tap grease it was essential to use mercury cut-offs if the vapour had to be confined for long periods at constant pressure within a given part of the reaction system. The reaction system itself consisted of a widelimb mercury manometer OG, a graduated gas burette HH, a U tube which could be immersed in liquid air, and a cylindrical quartz reaction vessel 6 cm. in diameter and 2 cm. thick. A side tube led to a special type of vapour analysis apparatus which will be described later. The movement of the mercury in the manometer was observed to within 0-05 mm. by a suitable travelling microscope. To avoid heating the reaction cell from the mercury lamp the former was immersed in a water therm ostat which was fitted with a quartz lens and an acetic acid filter to cut off radiation at wave lengths less than 2500 A. With this kind of arrangement it is therefore possible to follow the reaction at constant pressure or at constant volume. Small pressures of gas not condensable in liquid air are measured on the Pirani gauge. I t was found necessary to protect this gauge by an additional liquid-air trap on account of the small amounts of monomer liberated from the tap grease and from the walls of the apparatus.
A check on the constancy of the output of the mercury lamp was kept by a photo cell unit. The method employed was th at suggested by Bowen (1936) . This consisted essentially of a matrix of fluorescent crystals upon which the total radiation from the lamp fell, the fluorescent radiation being measured by a General Electric Company photocell electrometer valve combination unit. Using crystals of uranyl ammonium sulphate, U 0 2S 0 4. (NH4)2S 042H20, Bowen has shown th at from 2500 to 4500 A each quantum of absorbed radiation yields one quantum of fluorescent radiation at about 5000 A. Since the photoelectric sensitivity of a potassium cathode has a maximum a t this wave-length such a cathode was used in the photocell. The detailed arrangement of the photocell end of the unit is shown in figure 2 .
is the fluorescent cell consisting of two thin polished silica plates 40 mm. in diameter enclosing the matrix of crystals em bedded in purified paraffin wax. Beyond this cell is an Ilford y filter to cut out all radiation shorter than the wave length of the fluorescence before it impinges on the cathode EF . Since both sides of the cathode are sensitive a polished chromium-plated reflector is placed around the glass envelope of the unit. The whole system is enclosed within a brass cylinder and is connected by means of a multi-cored screened cable to the necessary control gear and potentio meter. The cell is operated in the usual way compensating for the change in the grid voltage on the electrometer valve when radiation falls on it by injection into the circuit of the necessary voltage from a potentiometer.
This form of fluorescent screen, while mechanically rigid, is not very efficient for a variety of reasons. Some experi ments were made with two varieties of cell, A in which the tablet-like crystals were placed between the silica plates without any embedding agent, B in which the crystals were immersed in spectroscopically pure cyclohexane. The sensitivities at 3000 A were in the ratios norm al: : :: 1:1 -59 : 3-0. (We are indebted to Mr Bowen for lending several cells of this kind for this and other experiments not recorded.)
The same system is also used for measuring the absorption coefficients of acetone and of methyl vinyl ketone. A variety of high-pressure mercury lamps was used for these experiments.
The 'photochemical polymerization of methyl vinyl ketone vapour 21 P reparation of m ethyl v in y l k etone 2-Chloroethyl methyl ketone was prepared by absorbing ethylene in an ice-cold mixture of acetyl chloride and aluminium chloride. The resulting mixture was carefully poured into ice w ater to hydrolyse excess acetyl chloride. The chloroketone w as then extracted with chloroform and the solution washed with water to remove acetic acid. The solution was dried with calcium chloride, the chloroform removed at reduced pressure, and the chloroketone distilled at 65° C. The latter was slowdy added in 30 g. lots to dry dimethylaniline. At the reaction temperature the methyl vinyl ketone distilled quickly from the mixture. This was redistilled and collected at 77-80° C. The liquid is best stored in solid carbon dioxide but may be kept in a refrigerator at 0° C for 1-2 months. Further purification was effected by drawing the liquid into trap J in figure 1, which contained dry potassium carbonate. The middle fraction of the low-temperature distillation in vacuo was collected in another trap immersed in solid carbon dioxide.
E ffect of pr e ssu r e and of tem perature on polymerization rate Methyl vinyl ketone vapour at pressures of 50 mm. and at 20° C polymerizes rapidly with the formation of a dense mist of solid polymer in the vapour phase on illumination with radiation between 2500 and 3500 A. While the predominant reaction is polymerization, prolonged illumination gives rise to small amounts of carbon monoxide, butadiene and traces of unidentified compounds. After several runs a thick skin of polymer forms on the surface of the reaction vessel. At the beginning of a series of runs with a clean reaction vessel there is a gradual increase in rate, for example, num ber of ru n 1 3 5 7 9 rate in molecules per m in. x 10~18 0-25 0-66' 1-05 1*32 1-44
As will be shown later the reason for this increase is due to the fact th at with un covered silica walls the active polymeric molecules are rapidly deactivated on colli sion with the walls. As the walls become covered with polymer they become in creasingly inert and a maximum rate is attained when all deactivation of active polymer occurs in the gas phase. If too much polymer is allowed to deposit the rate begins to fall owing to absorption and scattering of light by the film of polymer. These effects are particularly troublesome in working out reliably the kinetics of the reaction. In all this work therefore a reaction vessel had to be brought into an appropriate state in order to avoid wall effects and every experiment preceded and followed by one made under standard conditions. Nature of 'polymer. The photo-polymer produced in all these experiments was completely insoluble, thus suggesting a cross-linked structure. Further, the polymer finally became brownish in colour and exhibited a greenish hue in transm itted light. This coloration became more marked on warming the polymer vacuo to about 100° C when a small quantity of colourless liquid, believed to be mainly water, was collected. Similar observations have been made by Marvel & Levesque (1938) on subjecting poly methyl vinyl ketone to pyrolysis. These authors attribute this to the dehydration of the polymer thus:
Another way in which the development of colour may be explained is the following set of rearrangements which can give rise to a kind of polyene structure known to be particularly strongly coloured (Bowen 1943 ). 
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I t is unlikely th a t a system of conjugated bonds would extend very far for it would lead to much more intense coloration than is actually observed. Effect of pressure. Preliminary experiments had clearly shown th a t the pressure dependence of the reaction rate was abnormal in the sense th a t not only was the order variable over a relatively small pressure range, but a t high enough pressures became very high. The experimental procedure, therefore, was as follows. 30 mm. was fixed as a standard pressure and all the runs refer to the rate at this pressure, all experiments being carried out a t constant pressure except where otherwise stated. For example, in order to obtain the increase in rate on raising the pressure to 40 mm. a clean vessel was coated with polymer until the rate had attained the maximum value. Next, runs were made with pressures of 30 and 40 mm. alternately until the diminution in rate at 30 mm. clearly showed th a t the polymer was absorbing an appreciable portion of the incident fight. The mean value of the ratio of rates gave the information required. Table 1 gives a typical example of the results obtained with this procedure. This series of experiments shows th a t the order of the reaction between 30 and 40 mm. has an extraordinarily high value of 4*8. The diminution in rate at 30 mm. towards the end of the series of experiments indicates the decrease in the intensity of the fight absorbed by the vapour by a factor of 4. The ratio of rates is not notice ably affected. Such a high pressure dependence makes it extremely difficult to obtain a really accurate measure of the rate of reaction. This procedure was repeated for pressures of 10, 20 and 60 mm. The whole procedure was once more repeated for each of a series of temperatures. The results are summarized in table 2. In each series a clean vessel was used and several runs were made until the rate became steady. These results are shown in figure 3 by plotting log rate against log pressure, where it will be seen th at at each temperature the order of the reaction is variable and increases with pressure over a narrow pressure range. Further, for any given pressure the order increases with decreasing temperature and attains its highest values at 1° C. The unfortunate situation arises th at the low vapour pressure of the ketone prevents inquiry into a higher pressure region at low temperatures.
The abnormality of this polymerization is further shown when the log of the rate is plotted against the reciprocal of the absolute temperature for a series of pressures (figure 4). Again a curious behaviour is exhibited. Like other photo-polymerizations Q IO 1 -2 14 16 1 -8 log p in the gas phase the reaction possesses a negative temperature coefficient, but matters are additionally complicated by the fact th at the lines are curved, therefore indicating a varying negative energy of activation. The dotted line indicates the limit of pres sure which can usefully be employed at the temperatures indicated. The wide varia tion is shown more clearly by table 3 where the apparent energies of activation are computed from the curves given in figure 4 . Similarly, the apparent orders for the reaction under various conditions are computed from the smoothed results given above and are shown in table 4.
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F ig u re 4. V ariation of polym erization ra te w ith tem perature.
T able 3. Apparent n eg ativ e e n e r g ie s of activation The abnormal temperature and pressure dependence in this photo-polymeriza tion is so far unique and must therefore be due to a factor not hitherto found in gasphase polymerization. Of all the photo-polymerizations studied, namely, those of methyl methacrylate, methyl acrylate, vinyl acetate, methyl isopropenyl ketone and chloroprene, none except methyl vinyl ketone has given rise to completely insoluble polymers. I t would therefore appear th a t the abnormal kinetics and crosslinking are interconnected in some way. The high apparent order of the reaction is reminiscent of the kind of behaviour obtained in the neighbourhood of the explosion limits of those thermal chain reactions whose velocity can be measured conveniently outside the explosion limits. In this kind of explosive reaction there is no question th at the deviation and rapid increase in rate is due to the branching of the reaction chains giving rise to additional amounts of chain centres without actually causing explosion. By analogy then the pressure dependence of the methyl vinyl ketone polymerization might reasonably be explained. Abnormal temperature coefficients are also observed near explosion limits-a small increase in temperature leading to a very large increase in rate. W ith polymerization reactions normally possessing a negative temperature coefficient the phenomenon will be inverted for the lower the temperature the longer is the chain length and therefore the probability of the chain branching. The vapour pressure of the ketone unfortunately prevents access to what would appear to be an explosion region a t low enough temperatures and high enough pressures, but the analogy is so close when coupled with the cross-linked nature of the polymer th a t there can be little doubt of the general formal similarity between combustion and polymerization in regard to branching.
Intensity exponent. This discussion of the above data does not permit of the formu lation of a reaction mechanism. I t is therefore necessary to look further into the kinetics to see whether the mechanism can be rigidly formulated, and the variation of rate with intensity gives useful information in this connexion. I t has already been mentioned th at starting with a clean reaction vessel the rate gradually increases. This can only be attributed to the fact th at the active polymer is deactivated on collision with a silica wall, but is reflected without being deactivated from a wall covered with polymer. This kind of behaviour is often exhibitei by free atoms and free radicals, and it is thus a pointer indicating th at the active pdymer may, in fact, be a free radical. In this circumstance it might be expected tha\ the rate at which such free radicals combine or are otherwise destroyed on the walk is limited by the rate at which the radical diffuses to the wall. This will be proportional to the con centration in the gas phase and it is then easy to show th at the late of polymer ization should be proportional to the first power of the intensity. As tie walls become covered with polymer a greater fraction of the radicals will combine ii the gas phase. Since this process necessarily involves two radicals the rate will be p'oportional to the square root of the intensity. The results in table 5 clearly show how the intensity exponent diminishes as gas phase combination becomes more important, thus supporting the above hypothesis. I t is now well established th a t the photochemical decomposition of acetone by radiation a t about 3000 A involves the primary production of CH3CO and CH3 radicals. Further such radicals can initiate a polymerization reaction in which the active polymer is a large free radical. I t was therefore im portant to attem pt the analysis of the radical sensitized polymerization of methyl vinyl ketone in spite of the extreme difficulty th a t both ketones absorb a t similar wave-lengths and therefore the two types of reaction cannot easily be separated and their individual kinetics established.
The first stage in carrying out this part of the work is the measurement of the extinction coefficients of acetone and of methyl vinyl ketone at a mean wave-length of 3000 A, namely the light transm itted through a 10cm. silica bulb containing a solution of 145g. of N iS04.6H 20 + 41*5g. of CuS04.7H 20 in 11. of water (Bowen 1935) . Owing to the weak absorption of both ketones and to the quick period variation in the output from mercury lamps, special arrangements were made to measure the absorption. In figure 5 , B X Y C D E is the mercury lamp circuit with controlling resistance C and stabilizing choke D.
is a resistance such th a t the fall of potential across it is about 2 V. From a small potentiometer an opposing potential is applied across J F so th a t there is no current through as indicated by the ammeter A . A galvanometer whose sensitivity can easily be varied by and M is put across K L . This galvanometer thus records the short period fluctuations of current in the lamp circuit. The spot of light from the galvanometer in the anode circuit of the electrometer valve is projected on to the same scale as th at used in the lamp circuit. To a first approximation it is assumed th at the intensity of the light varies linearly with the current and hence the value of N was so adjusted th a t the spots of light moved together over the scale whenever there was a fluctuation of current in the lamji circuit. W ith the photocell covered the photocell circuit was balanced; on illuminating the cell containing monomer at the desired pressure the balancing voltage on the grid of the electrometer valve was adjusted to bring the spots of light into coincidence. Liquid air was then applied to a trap to remove the vapour and the balancing voltage redetermined. The difference of voltages divided by the voltage applied when the cell was evacuated is thus the fraction of light absorbed by the vapour. Results for acetone and for methyl vinyl ketone are given in table 6. The values of e for acetone show only a slight tendency to increase at low pressures. This does not hold with methyl vinyl ketone which exhibits a marked and systematic decrease in e as the pressure is reduced. The difficulty here is th at at high pressures it is difficult to prevent polymerization, as unfortunately no inhibitor has been found effective for this purpose. The lower values are therefore more likely to be correct. It is not surprising th at the extinction coefficient of methyl vinyl ketone is greater than th at of acetone on account of the existence of the conjugated I system CH2-CH . C = 0 and in fact it is surprising the increase is so small. That photo-decomposing acetone accelerates the polymerization is shown clearly by the results of a typical series of runs in table 7. The only way of getting a good comparison is to make alternate runs with and without acetone. As the polymer accumulated its extinction coefficient was measured and the rates observed and corrected to constant light intensity. The results are not regular enough to deduce the precise effect of acetone pressure but it is evident th a t pressures of acetone comparable with th at of the ketone make a contribution to polymerization rate to an extent expected if both ketone and acetone decompose to give free radicals which start off polymerization. ketone pressure of 22 mm. and temperature 50° C. These results give a mean value of 1 • 4 for the ratio with and without acetone. Independent measurements have sh own th a t with acetone alone each carbon monoxide molecule produced in the photo decomposition corresponds to the production of two methyl radicals (Melville & Tuckett, unpublished experiment). Although these measurements were made at 30° C the relation is almost certain to hold a t 50° C where the quantum yield for the acetone decomposition is c. 0-6 (Leighton & Noyes 1941) . Under the above conditions with 22 mm. acetone free radicals were produced a t the rate of 0-0038 mm./min. Suppose th at the methyl vinyl ketone polymerization occurs by the free radical mechanism and let x mm./min. be the rate of production of free radicals from methyl vinyl ketone at a pressure of 22 mm., then on the addition of 22 mm. of acetone the total rate of free radical production will be +0-0038 mm./min. The rate of poly merization is proportional to the square root of the starting of chains and hence the following relation holds rate of acetone-sensitized + m .v .k . reaction (x + 0-0038)* rate of m .v .k . reaction ( x j From the three sets of results above, the values of x so obtained are 0-0039, 0-0043 and 0-006 mm./min. The ratio of methyl vinyl ketone polymerization rate to x gives the chain lengths which are 50, 55 and 45 respectively. While the chain length for the acetone reaction will be similar in magnitude, it is not possible to assess accurately its value on account of the concurrent reaction initiated in the first place by methyl vinyl ketone.
Rate of dissociation of methyl vinyl ketone to carbon monoxide.
A series of runs were made to compare the rate of carbon monoxide production from methyl vinyl ketone and from acetone, since it was of interest to find whether the carbon monoxide production would give a measure of the rate of production of free radicals in the case of methyl vinyl ketone. On p. 29 we have seen th a t has a value very close to th a t for acetone. I f therefore each carbon monoxide molecule corresponds to the production of 2 free radicals, then the carbon monoxide production rate from methyl vinyl ketone should in this case be practically identical. Comparison of the rates of carbon monoxide production for methyl vinyl ketone and for acetone at 20 mm. and 50° C show th a t carbon monoxide production from acetone is 2*5 times th a t given by methyl vinyl ketone, thus indicating th a t apparently methyl vinyl ketone decomposition as reckoned by carbon monoxide production does not yield such a great number of free radicals as does acetone. The extinction coefficient of methyl vinyl ketone is certainly greater than th at of acetone by a factor of 1*3 if e-methyl vinyl ketone = 5-15 and hence the greater carbon monoxide production in the case of acetone must be due to the greater primary quantum efficiency of the dissociation reaction. A number of experiments were then made with mixtures of methyl vinyl ketone and of acetone at different temperatures and intensities. The results are given in table 8. The most noteworthy feature is the fact th a t carbon monoxide production from the mixture is not numerically equal to the sum of the rates when the dissocia tion of the ketones is examined separately. The most obvious explanation would be th at each ketone is acting as an internal filter for the other, but the fact of the m atter as seen from the results on p. 28 shows that only 5 % of the light is absorbed by 20mm. of acetone and 6 % by the methyl vinyl ketone. I t will be further observed from an examination of table 8 that the observed carbon monoxide production is always slightly greater than th a t expected for the ketone alone, and that, if anything, high acetone pressures favour this slight excess. I t is remarkable, for example, th at with run B 11 nearly 50 units of carbon monoxide seems to disappear completely. At 60*7° C the acetone molecule undergoes immediate photo-dissociation so there can be no question of deactivation of excited molecules nor is it conceivable th a t the addition of say 20 mm. methyl vinyl ketone to 57 mm. acetone could possibly catalyse in some way the process of recombination of the molecular fragments. We therefore I conclude th a t acetone initially is dissociated to CH3CO and CH3 and th at the I CH3CO adds on to the methyl vinyl ketone molecule, thus i i CH3CO + CH2= C H . COCHj . CH3. CO-CH2-C H . COCH3, so effectively th a t it has no opportunity to dissociate to CH3 and CO as happens to a large extent with acetone alone. These observations raise the question as to how the methyl vinyl ketone dissociates. Since carbon monoxide is produced there are three possibilities:
CHo=CH-+ CH3CO-,
CH2= C H . CO-+ CH3-.
Any one or all of the radicals in (b) and (c) might start off a radical polymerization. In view of the high probability th a t in the ordinary photo-polymerization of methyl vinyl ketone the mechanism is of the free radical type and th a t therefore initial decomposition of the molecule is into free radicals which are the initiating catalyst, it is unlikely th a t much decomposition according to scheme (a) occurs. A choice m ust therefore be made between ( b) and (c). In view of the experie would seem th a t if dissociation (6) occurred the acetyl radical would immediately react with methyl vinyl ketone and th a t consequently no carbon monoxide at all would be produced. If (c) is the only possible mechanism, the fact th a t carbon I monoxide must be produced would imply th at the radical CH2= C H . CO will break up to CO + CH2= C H -. W hether the vinyl radical will then add on to another molecule of methyl vinyl ketone is not at all certain.
Products of dissociation of methyl vinyl ketone. In order to decide some of the m atters discussed above it appeared to be necessary to investigate in greater detail the nature of the products of dissociation besides carbon monoxide. W ithout further com plicating the issue the following hydrocarbons might possibly be found, ethylene, propylene and butadiene. Accordingly a gas analysis apparatus, based on vapour pressure measurements and of the smallest possible volume, was constructed as shown in figure 6 . This was constructed of T5 mm. diameter tubing and consisted of an entrance tube A B C to admit a sample of vapour into the analyser proper D E F G H P and an evacuated side tube J K L serving as a manometric limb to measure the pressure in the space FGHP. Any unwanted vapour in FG H P would be removed along POQB which was connected at R via a tap to the main vacuum line. The procedure in analysis was as follows. The system is evacuated and all the mercury pulled down into S. The mercury is then raised just above N and L by opening A. The mercury level is then allowed to rise to By opening L the mercury rises to the same height in limbs BC, D E F and J K L . If now vapour is introduced into the system from A B the difference in levels in BC and D E F and J K L will indicate the pressure it exerts. The vapour is then admitted to DFGH by lowering the mercury as far as CD. D E is made of tubing 5 mm. internal diameter to prevent mercury being driven straight into O H .The height D E is 60 mm., thus allowing analyses up to vapour pressures of this magnitude. In order to obtain a representative sample, the first sample trapped in PFG H can be removed along P O Q Ra nd a second sample introduced. Having trapped the required sample in PFGH the mercury is raised above
Et o a series of levels, the pressure exerted being noted as a function of volume with the side limb GH in a bath at a suitable fixed temperature.
During the course of the polymerization experiments it had been noticed th at on prolonged illumination the pressure did not fall to zero. The vapour pressure of this residual material was somewhat greater than methyl vinyl ketone itself. In the analyser with liquid present, the pressure at -80° C was 13mm. In another run illumination was continued first at a constant pressure of 54 mm. and then at constant volume until no further decrease could be detected. 2-2 x 1020 molecules were thus polymerized. 0*2 mm. of carbon monoxide was recorded. After removal of the carbon monoxide the whole mixture was condensed at -80° C, the pressure being 0*7 mm. and the most volatile constituents removed to the analyser by means of liquid air. The pressure exerted by the volatile constituents in presence of liquid was 12 mm. at -80° C. I t may be noted th at a sample of pure butadiene admitted to the analyser registered a pressure of 11*5 mm. at -80° C. A further sample from the reaction vessel was transferred to the analyser, cooled to -80° C and evacuated to remove what was presumed to be butadiene. The vapour pressure of the residual liquid was 60 mm. at 0° C compared with 20 mm. for methyl vinyl ketone. This liquid strongly coloured SchifFs reaction and smelled of acetaldehyde. In another run starting with an initial pressure of methyl vinyl ketone of 32 mm. the pressure fell after 330min. illumination to a steady value of 6mm., 8-6 x 1019 molecules being polymerized with the production of 0*5 mm. of carbon monoxide. The mixture was condensed in the reaction system at -80° C, the pressure being 0-7 mm. and the volatile constituents removed to the analyser. Again at -80° C the pressure regis tered was 13mm. though this increased on considerable compression to 19mm. which observation might indicate the presence of propylene in very small amounts (at -80° C the vapour pressure of propylene is c. 100 mm.).
The existence of butadiene in amounts comparable with those of carbon mon oxide would therefore suggest th at primary dissociation of methyl vinyl ketone is i I into CH2= C H .C O + CHa and further the radical CH2= C H .C O breaks up into CH2= C H and CO. It is surprising th at the vinyl radical is not wholly removed by its adding on to methyl vinyl ketone but instead it combines with another of the same kind to give butadiene. There is absolutely no indication of material as volatile as ethane and hence it must be presumed th at all the methyl radicals react pre dominantly with methyl vinyl ketone to start polymerization. One possible way in which acetaldehyde might be produced is by dehydrogenation of perhaps methyl vinyl ketone by the CH3CO radical.
General discussion of the results
It remains now to attem pt to construct a mechanism to account for the abnormal kinetics of this reaction, taking as a basis th at the ketone is initially dissociated to radicals and presuming th a t the methyl radical is primarily responsible for initiating a free radical polymerization of the ketone. In constructing this scheme it has to be borne in mind th at the chains are certainly terminated by the m utual destruction in the gas phase of the polymer free radicals. I t would appear th at this destruction is brought about by combination rather than by disproportionation on account of the cross linked character of the polymer. In formulating the necessary kinetic expressions account must also be taken of some mechanism whereby kinetic branching can be introduced, but simultaneously the expression must be such th a t the rate is at all times strictly proportional to the square root of the intensity. In chain explosions where branching becomes a t all noticeable the rate of initiation begins to have less direct control over reaction rate, and in the limit the intensity exponent should tend to zero. This diminution in intensity exponent has already been observed in the mercury sensitized reaction between hydrogen and nitrous oxide to which a small amount of oxygen has been added (Melville 1934) . The simplest expression for the total active polymer concentration (P) is thus
where /( / ) is the rate of starting and kt the termination coefficient. The simplest type of term for branching is of the form Inserting this term in the above equation, noting th at even under the conditions of polymerization we may assume stationary state conditions (the main support for this assumption arises from the fact th at the intensity exponent is strictly equal to 0-5 and as mentioned above had non-stationary conditions been approached this exponent would certainly have fallen below 0-5), hence
The 'photochemical polymerization of methyl vinyl ketone vapour 33
Vol. 187. A. 3
Since 7abs ~ (M) under experimental conditions a t low pressures the order of the reaction will tend to 3/2. The results on p. 25 show th at an order greater than 1 but less than 1*5 is obtained at the highest temperatures and lowest pressures. At high enough values of ( M ) the denominator in this expression will approac thus very high rates and also very high orders will be obtained. For convenience the formula may be cast into the form table 9 , where it will be seen that the agreement is as good as can be expected having regard to the simplified assumptions made in deducing the expression for the rate of reaction. Perhaps the important point to note is th a t abnormally high orders can easily be attained at pressures far below th at at which the rate tends to indefinitely high values. Further, the type of mechanism proposed still permits the intensity exponent to remain at 0-5 in spite of the high degree of branching which occurs in the poly merization. If log A and log B are plotted against reciprocal absolute temperature straight lines are obtained corresponding to energies of -6-8 kcal. for A and -4*8 kcal. for B. This means th at the energy of activation for branching is 4-8 kcal. less than that for termination. The calculated rate approaches a minimum of about 31-9 for both values of Ep.
An independent estimate of In
Co r D cannot be made since the v A b are not known. I t is interesting to note th a t the value of Et -2Ep for those values of Et and Ep which give rise to the minimum calculated rate, i.e. the rate nearest the experimental rate, is 18,000 -5000 = 13,000cal. and 21,000 -8000 = 13,000cal. for Ep -2500 and 4000 cal. respectively. The value required previously for was 12,800 cal. The agreement between the values obtained for Et -2 and the required value of about 12,800 cal. is still good. The above figures may therefore be taken to repre sent estimates of the extreme values of the quantities concerned. In the light of previous estimates for Ep higher values than 4000 cal. for a free ra are unlikely while lower values than Ep = 2500 seem of the calculated rate at 40° C from the experimental value.
As is usual in the kinetics of complex reactions it is difficult chemically to formulate the kind of collision responsible for branching, though the above analysis definitely indicates the participation of two active or free radical polymers and a monomer, and as a result of this process a three-dimensional polymer must result. Tentatively we may suppose a reaction of the following type occurs. One of the free radicals is supposed to be the vinyl radical produced during the initial decomposition of methyl vinyl ketone. Although this radical is apparently not particularly reactive yet in the presence of another free radical, and one molecule of the monomer, the following reaction may occur, in which it will be seen th a t not only does the reaction give rise to a branched chain polymer but the number of free radicals is increased during this reaction: R-+ CH2= C H -+ CH2= C H . CO. CH3
R-CH2-CH-CH2-C H . CO-
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